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(Following  is  translation  of  an  article  by  Werner  Foki  pub¬ 
lished  in  Zeitschr.  ~'t  fur  kcroholo?ia  und  Ckolo~rio  dcr  Tiore 
(Journal  for  Animal  Morphology  and  Ecology;,  Vol  44,  19 56, 

No  4,  pp  442-453.] 

A  -  Introduction 

\ 

‘Although  bacteriological  investigations  on  insects  ctg  nearly  as  old 
as  bacteriology  itself  —  Pasteur  investigated  si?.kv;orns ,  followed  later  by 
Metschnikoff  and  Pail lot  —  it  has  regained  a  little  explored  field  of  bio¬ 
logical  research.  This  is  all  the  more  surprising  since  bacteria  in  in¬ 
sects  as  carriers  and  hosts  play  a  considerable  role  in  medical  entomology, 
in  insect  and  plant  pathology  and  even  in  the  control  of  parasites. 

The  microbiological  processes  in  the  insect  body  are  still  not  very 
well  known.  Not  until  Luchner  and  his  school  began  the  study  of  bacterial 
symbiosis  of  a  number  of  insects  did  bacteria  cone  again  into  tho  forefront 
of  biological  interests.  Although  tho  morphological  side  of  the  problem  of 
symbiosis  has  been  exhaustively  illuminated  by  tho  intensive  work  of  this 
school,  physiological  questions  have  begun  to  find  a  solution  only  very  re¬ 
cently  through  tho  investigations  of  Aschner,  of  Glaser,  of  the  school  of 
loch,  and  others. 


however,  the  pure  culture  of  symbiontic  microbes,  in  particular  that 
of  the  intracellular  kind,  still  encounters  groat  difficulties.  The  latter 
are  absent  fo  a  which  livo  co.aaensally  with  insects. 

Since  Scammer  and  others  hoi-  that  symbiosis  develops  out  of  commen¬ 
salism,  investigation  of  the  former  is  likoly  to  be  advanced  through  the 
study  of  such  commensals. 

ftelativoly  little  is  known  on  the  bacteriology  of  tho  homolymph .  So 
far  about  250  different  bajteria  have  boon  identified  which  occur  in  asso¬ 
ciation  with  insects.-;  This  does  not  include  the  intracellular  symbionts. 
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lao  groator  part  of  tho  genes  originated  from  tho  gastrointestinal  tract 
out  several  researchers  have  isolatod  bacteria  also  from  the  blood  of  both 
diseased  as  v:oll  as  hoolthy  insects. 

In  1931 »  Lilly  observed  that  the  blood  of  Muse a  Domestics  may  contain 
ono  or  more  specios  of  bactoria  even  undor  complotoly  normal  conditions. 

Ho  suspected  that  this  flora  of  tho  hemolymph  varies  qualitatively  and  quan¬ 
titatively  with  tho  ago,  nutrition  and  environment. 

In  1942,  Tauber  and  Griffith  bred  staphylococcus  albus  from  tho  homo- 
lymph  of  Blatta  orientalis  and  Harms  found  tho  same  germ  in  tho  blood  of 
Phyllodroraia  gormanica.  This  finding  is  in  part  understandable  since,  ac¬ 
cording  to  Metalnikov,  staphylococcus  albus  is  boliovod  to  bo  apathogonic 
for  insects.  Cameron  frequently  found  bacteria  in  the  blood  of  normal 
larvao  and  specifically  for  Graphiphora  triangulum,  Gonepteryx  rhamni, 
Smorinthus  ocellatus,  Endromis  versicolors,  Graphiphora  agathina,  Ennomos 
autunnaria.  Agrotis  ashworthi,  Suchloris  vernaria  and  Aproophyta  nigra. 

In  1934,  the  same  author  isolated  several  extremely  virulent  strains  of 
3acillus  subtil i s  from  the  blood  and  the  gastrointestinal  tract  of  the  wax 
moth.  Artificially  infected  larvao  diod  within  12-24  hours.  However,  other 
strains  wore  shown  to  be  apathogonic  even  at  very  high  doses.  The  larvae 
survived  the  infection  but  spores  persisted  for  a  long  time  in  tho  bodily 
cavities.  Cameron  also  bred  Streptococcus  galleriao  from  the  blood  and  the 
gastrointestinal  tract  of  larvae  of  the  was  moth  but  this  germ  was  also 
shown  to  be  apathogonic. 

Several  reports  on  the  occurrence  of  bacteria  in  the  blood  of  dis¬ 
eased  insects  are  available  which  go  in  part  back  to  the  time  of  Pasteur. 

For  example,  Benedek  and  Specht  (1933)  found  Bacillus  megatherium,  in 
addition  to  a  fungus,  in  the  hemolymph  of  diseased  lecaniids.  Giard  and 
Billet,  Inman,  Issatschenko,  Henneberg  and  many  others  described  pathogenic  • 
glowing  of  insects  through  infection  with  photogenic  bacteria  (cf.  Pfeiffer 
and  Stammer).  Particular  mention  should  here  be  made  of  the  studies  of  the 
latter  on  bacterium  hemophosphoreum.  They  were  able  to  induce  septicemia 
through  artificial  infection  and  carry  out  interesting  investigations  on  the 
cause  of  infection  which  covered  both  the  behavior  of  the  bacteria  as  well 
as  the  defensive  reactions  of  the  insect  organism.  Babers  reported  on  sep¬ 
ticemia  produced  by  bacillus  cereus  in  Prodonia  cridania,  Periplaneta  ameri- 
cana  and  Plodia  interpunctolla.  However,  the  same  germ  was  also  isolated 
from  apparently  entirely  healthy  insects  (cf.  Steinhaus). 

Reports  on  the  bacteriology  of  the  tracheal  system  are  not  available 
in  literature.  We  know  that  the  respiratory  tract  of  the  higher  animals  is 
even  under  normal  conditions  host  to  germs  which  may  become  of  importance 
under  special  circumstances. 

Since  the  possible  presence  of  microorganism  in  the  tracheal  system 
and  in  the  blood  is  of  great  significance  for  many  fields  of  research  such 
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as  oho  brooding  os  symbionts  from  insect  organs  and  in  genoral  for  the 
orjin  of  many  symbiosos,  it  appeared  neeossary  to  carry  out  bacteriological 
investigation  on  the  tracheal  system  and  the  henolymph.  of  different  insects. 

B  -  dothodolo''y 

1  -  Sterilo  Preparations :  Sterile  preparation  is  probably  the  most  diffi¬ 
cult  problem  in  bacteriological  work  with  insects.  Strict  observation  of 
storilo  conditions  is  difficult  already  when  working  with  larger  subjects 
and  the  preparation  of  th6  very  small  areas  involved  in  working  with  in¬ 
sects  frequontly  is  not  at  all  simple.  Some  of  the  present  bacteriological 
investigations  of  insects  appear  to  be  subjoct  to  caution  in  this  respect. 

In  order  to  provido  for  sterile  rer.iove.aent  of  tracheae  ar.d  homolymph 
in  our  experiments,  wo  found  it  necessary  first  to  tost  several  of  the  cus¬ 
tomary  practices  of  external  disinfection  and  aseptic  preparation  in  experi¬ 
ments  with  germ  carriers  by  noons  of  pellets  of  gypsum  and  siliceous  earth 
union  were  coated  with  different  cultures.  This  showed  most  of  the  methods 
to  be  vary  unreliable,  fvon  if  tho  subjects  wore  dipped  several  times  in 
alcohol  and  singed,  some  of  the  bacteriological  controls  always  showed  posi¬ 
tive  results.  Prolonged  immersion  of  the  subjects  in  disinfectants  such  as 
absolute  alcohol,  hydrogen  peroxide,  alcoholic  solution  of  chloramine  and 
similar  agents  proved  to  be  adverse  because  tho  agents  diffuse  into  the 
tracheao  and  damaged  or  destroyed  any  germs  existing  here.  Moreover,  tho 
prolonged  interval  created  the  risk  of  infection  of  the  hemolymph  by  in¬ 
testinal  genus. 


V/e  found  it  host  to  dip  the  animal  in  hot  melted  paraffin,  after 
c cloning  and  surface  coating  with  iodine  Q?ota:  I  am  indebted  to  hr.  Kellner 
of  the  Nuremberg  Institute  of  hygiene  for  suggesting  this  procedure) .  This 
kills  off  most  of  tho  surface  germs  and  even  very  rosistant  spores  (which 
would  probably  also  have  resisted  any  other  treatment)  were  at  loast  fined 
and  thus  kept  away  from  the  field  of  operation.  The  germs  of  the  internal 
organs  including  the  tracnoau.  system  and  tne  heiiiolyruph  uiu  not  seem  to  suf¬ 
fer  ary  essential  damage  if  the  interval  of  immersion  was  not  groatly  pro¬ 
longed  . 


After  killing  of  the  animals  waLth  ether,  thorough  cleaning  and  disin¬ 
fection,  they  were  prepared  under  sterile  conditions,  v.q  first  obtained 
specimens  of  honolynph  and  then  sections  of  tracheae  and  prepared  cultures, 
'..’non  obtaining  hemolymph,  caro  must  bo  exercised  to  prevent  injury  to  the 
tracheao .  In  ordor  remove  any  adherent  homolymph  from  the  tracheae,  the 
latter  wore  washed  several  times  in  sterile  water.  ';-o  prepared  the  abdomen 
ventrically  for  Gryiiotalpa  and  dorsally  for  Dytiscus  and  Malolontna.  For 
'vis,  wo  propared  the  particularly  strongly  developed  trachoao  of  the  an¬ 
terior  thorax  v&ich  terminate  in  tho  first  pair  of  stigmata.  .After  coi 
responding  preparation,  we  here  obtain  tho  lymph  from  tho  abdomen. 


*-  "Nutrient  Mcdi.-v;  Or  the  customary  nutrient  media,  wo  utilised  tho  fol¬ 
lowing  :  blood  plate,  agar  plato,  Loffler  plate,  Endo  plate,  gelatin  plate, 
potato  wedge,  neutralrcd  agar,  concentrated  agar,  and  stab  cultures  of  agar 
or  of  gelatin.  Other  cultures  were  prepared  of  nutrient  bouillon,  trypto¬ 
phane  bouillon,  nitrate  bouillon,  aqueous  peptone  and  milk.  Goner ally,  a 
diversified  series  was  prepared  from  tho  following  substancos:  glucose, 
lactose,  caccarose,  salicin,  maltose,  dulcito,  mannito,  ryloso.  More 
specific  Media  vrero  necessary  only  in  some  casos.  As  far  as  possible,  vie 
utilised  “Ora  ’r"  dry  nutrient  r.:cdia  which  are  characterised  by  constant 
composition.  -as  shovm  to  bo  favorablo  to  add  an  insect  decoction, 
especially  to  the  incubation  Media.  In  the  preparation  of  the  nutrient 
media  as  woll  as  in  diagnostic  staining  and  tho  evaluation  of  metabolism, 
growth  and  stainability,  wo  proceeded  in  accordance  with  tho  suggestions  of 
tho  “Co.vmittoo  on  Techniques  of -Bacteriological  Investigation"  of  tho  Ameri¬ 
can  bactoriologists. 


3  -  Culturo  of  Bactoria:  The  platos  inoculated  with  trachoao  or  hemolymph 
woro  allov/ed  to  incubate  either  at  room  temperature  or  at  37°  in  the  thermo¬ 
stat  until  they  showed  macroscopic ally  plainly  visible  growth.  If  tho 
colonies  appeared  uniform  under  tho  plate  microscope,  a  smear  was  stained 
for  Gram.  If  the  microscopic  picture  was  also  uniform,  fresh  plates  or 
oblique  agar  tubes  wore  then  inoculated  by  transfer.  Mixed  cultures  were 
separated  either  by  smears  on  plates  or  by  the  modified  Koch  effusion  pro¬ 
cedure. 


4  -  Determination  of  Pure  Cultures:  Pure  cultures  were  determined  in  ac¬ 
cordance  with  "  Bor  gey1  s  Manual”  and  "Bacteriological  Diagnostics"  by  Leh- 
mann-Neumann.  As  far  as  possible,  we  followed  the  more  recent  American 
publication.  However,  it  was  frequently  not  possible  to  follow  the  very 
rigid  scheme  of  Bergey,  especially  in  regard  to  tho  metabolic  and  physio¬ 
logic  characteristics  of  the  incubated  strains.  Numerous  variants  mani¬ 
fested  themselves  so  that  it  was  necessary  occasionally  to  draw  primarily 
on  tho  morphological  characteristics  also  preferred  by  Lehmann-Neumann. 


C  -  Our  Own  Bacteriological  Investigation  . 


I.  Henolvmoh  and  Tracheae 


1  **  Qryllotaloa:  100  animals  were  investigated  with  the  technique  indicated. 
3acteria  could  bo  culturally  demonstrated  in  the  tracheae  of  UC  gryllotalpae. 
For  13  of  these  animals,  a  positive  finding  was  also  noted  for  the  homo- 
lymph.  In  one  single  animal,  a  positive  finding  was  shown  for  the  hemo- 
lymph  (cf.  Table  1  and  2)  although  the  tracheal  finding  was  negative. 
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The  indications  "average11 ,  "nunorous"  etc.  as  a  measure  of  bacterial 
incidence  are  obviously  very  rolative.  It  is  scarcely  possible  to  obtain 
hero  exact  quantitative  indications.  Since  smears  wore  always  obtained 
from  several  soctions  of  tracheae  and/or  specimens  of  hcr.oly.cph.,  I  calcu¬ 
lated  the  average  value  per  smear  and  established  the  following  evaluation: 
0-1  colonies  =  vory  little;  1-2  colonies  =  little;  2-5  colonies  =  average; 

5  colonies  and  over  -  numerous. 

In  tracheae  treatod  with  bacterial  stains,  it  was  occasionally  pos¬ 
sible  to  demonstrate  rods,  cocci  and  spores.  The  incidence  was  always  very 
minor  (as  already  stated,  such  cultural  indications  as  "avorage"  or  "num¬ 
erous"  are  very  relative).  In  general,  the  chitiniocd  tracheae  probably 
present  most  unfavorablo  media  for  germs  so  that  they  house  porhaps  mostly 
intermediate  stagos  (c.g.  sporos). 

.is  ’.;as  to  bo  cwpocted,  separate  investigation  of  tho  strong  anterior 
ana  the  fine  postorior  soctions  of  tho  tracheae  showed  that  the  large 
aruchoal  branches  contain  appreciably  more  bacteria  than  the  delicate  rami- 
±  j_c  ations . 
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Inulnation  of  tho  bacteria  cn  tho  surface  of  the  boc  produced  tho 
finding  already  obtained  by  White  that  there  is  a  relative  absence  of  goras 
and  a  relative  monotony  ox’  the  surface  flora  crisis,  White  found  only  3 
species  (bacillus  A,  A.  cyaneus,  and  r.icrococcus  C)  on  healthy  adult  boes 
of  normal  hivos.  This  apparent  absence  of  bactoria  is  more  than  ronarkublo 
since  tho  body  of  tho  boo* is  practically  predestined  to  carry  foreign 
bodies  (c.g.  pollen).  Further  investigation  ‘.rill  bo  necessary  to  deter- 
..ir.c  whether  a  relation  exists  to  the  bacterial  inhibitors  of  boc  honey 
observed  by  fold.  Tho  surface  flora  of  the  bee  v;as  not  further  analysed. 
Hovjcvor,  tho  Bacterium  cyonoun  observed  by  Whito  was  not  found  by  us. 


b)  : lit c -Life e ted  decs :  Among  ICO  subjects  investigated,  cultural 
investigation  produced  bactoria  from  tho  trachoao  33  tines  and  iron  tno 
henolymph  1 6  tines  (table  1  and  ?). 
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c)  Flight-disabled  boes  without  mites:  Wo  have  exploited  the  results 
fren  50  subjects  originating  from  infected  hivos  and  unable  to  fly  but  not 
showing  any  mites  in  the  trachoao.  Positive  findings  for  tho  trachoao  wore 
nado  in  43  eases  and  3  of  tho  sane  cases  also  showed  bactoria  in  tho  hemo- 
lynph  (table  1  and  3). 
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Sunonz  insects  investigated ,  the  followinj  $3  per.;;  were  isolated 


&!»  «2*  •“3'  ;  aaoillus  vacates  Bacterium  proai^xosun  in,  «2»  ,l3'> 

Cnro.nobacteriin  ianthinua  (An);  Chromobacteriu.n  (J);  CorjT.obacteriu: i 
helvolur.  (G);  Corynobocteriun  sirr.pl ax  (h]_);  Corynobactcriur;  -  mo  scons  (G); 
Escherichia  coli  (C-,  A^,  A25;  Flavobacteriun  diffusun  (h]_);  - lavoor.ctoriujn 
rnenunus  (Av);  Aicrococcus  candicans  (G,  D);  '.licrococcus  flr.vus  (G,  lh,  Ag, 


*AVS ***u.«s  vuxi jiii  xe  \  vi  j  •  *  o  ouu  u'.'ic/iidc'  \  ^  A  '  (L  *  3  ‘  »  *  -wuuv.i*vaa»# 

rilde.ubergii  (1.3);  Sarcina  alba  (G,  ;  Sarcina  aurantiaca  t'*x»  ‘‘■2 ^ ' 

Sarcina  Hava  (Ap,  A  2  ,  An);  Sarcina  lutea  (G,  2h,  Ax,  ) ;  Streptococcus 
faecalis  ( ;  Streptococcus  liquefacier.s  (13,  A^);  Vibrio  liquefaciens  (D). 

Tho  letters  in  parentheses  indicate  the  subjects  in  which  the  jerms 
wero  feund  and  their  abbreviations  stand  for;  G  =  Gryllotalpa;  Mx  =  Aololon- 
tha  of  series  1;  -  nololontha  of  sories  Z;  j  -  wytiscus  r.arginalis;  Ax  = 

healthy  beo;  *2  =  rite-infected  bee;  A-  =  flight-disabled  boos  without  tra- 
Ci.oal  rites. 


il  -  Grrecndenco  of  Trachc.il  Flora  on  Biotooc 

Considering  tho  biotope  of  Gryllotalpa,  typical  soil  £oms  were  to  be 
expected.  It  would  00  peculiar  if  the  respiratory  systor.  of  an  insect  con¬ 
tinually  r.ovinj  in  soil  -with  a  nigh  gena  content  would  bo  sterile.  Especially 


since  the  tracheae  must  be  regarded  as  an  carters  si  environment  displaced 
toward  the  interior.  The  tracheal  flora  Varies  qualitatively  and  quantita¬ 
tively  for  each  capture,  /cay  degree  of  constancy  could  not  bo  deters. ined 
and  an  entirely  different  c ©...position  nay  result  * •* G) .  l'cnctrcu  d^»vros 
tions. 

A  large  part  of  the  insects  examined  originated  fro.i  the  troll  fer¬ 
tilised  beds  of  the  Botanical  Gardens .  In  ordor  to  examine  the  germ  con¬ 
tent  of  the  corresponding  area  of  habitation,  soil  smplos  a  ore  procured 
at  a  doptn  of  about  10-15  cer.oi;.-.etor  .-.nd  the  number  of  ger.*3  dcter.nined 
by  means  of  dilution  and  effusion  procedures.  It  amounted  to  about  , 
250,000,000  por  of  soil,  h'c  should  remember  hero  that  ouch  a  pro¬ 

cedure  furnishes  only  a  partial  result. 

We  d  err.  on  s  t  r  at  cd  individually  Bacillus  Bab  tills,  3.  kucoidos,  3. 
coreus,  3.  .-iosontericus ,  Bacteriu:.i  prodigiosu..,  various  t-rhitc  and  colored 
micrococci  and  sarcinae  as  trail  as  actimc.-ycccos .  ..ppro:d.:eatoly  the  son© 
gents  were  obtained  if  insects  were  rubbed  across  the  nutrient  medium  be¬ 
fore  having  been  aioaned  (Table  2,  column  surface). 

In  ordor  to  tost  the  difference  with  the  gerns  of  the  air  in  the 
laboratory,  air-plate-,  wore  set  out  in  the  working  space.  "0  then  found 
in  particular  white  a;.-  colored  ruicrocoeci,  sarcinae,  primarily  Sarcina 
flava,  once  :iicroccccus  pyog.  bar,  albus,  once  bacillus  kosentcricus  as 
well  as  a  non-colorcd  rod-shaped  bacterium  Most  of  these  goms  had  not 
been  found  at  all  or  only  to  a  minor  extent  in  the  soil. 

The  variety  of  trachoal  flora  therefore  corresponds  to  that  of  the 
soil  flora.  Fractically  all  isolated  microorganisms  represented  typical 
and  generally  ubiquitous  air  and  soil  gems. 

The  findings  obtained  with  gryllotalpae  correspond  entirely  to  thv&e 
obtained  fron  other  insects.  It  was  always  possible  to  incubate  a  great 
nunber  of  bacteria  from  the  tracheae  and,  for  individual  cases,  also  gems 
fron  the  hemolymoh.  A  particular  constancy  in  the  composition  of  the 
tracheal  or  the  honolyv.iph  flora  was  not  found.  Composition  varied  aepond- 
ing  on  and  with  the  biotope.  This  was  very  marked  in  the  series  of  molo- 
lontha  which  originated  from  different  localities. 

The  findings  for  healthy  boos  also  corresponded  entirely  to  those 
gust  discussed. 

Ill  -  B.olation  of  Tracheal  flora  to  that  of  the  •■onolvm.nh 

As  already  mentioned,  several  authors  (Cameron,  Lilly,  Faillot,  and 
others)  were  able  to  incubate  bacteria  fron  tho  homolysiph  of  apparently 
completely  healthy  insects.  The  origin  of  these  micro-organisms  and  the 
reason  for  such  a  tolerance  of  the  insects  are  still  open  questions. 
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It  is  notable  in  our  investigations  that  only  those  bacteria  were 


louna  or.  t.,e  oicou  wmc r.  nr.: 


■"  --  D O  1)C  D.1  v.v.'.oiiJl>iV«tCa  2-)  •  Xi-0  X*  r.c..o^.o.  ■ v 


c  out  mm  niton  of  the  c  1  y . .  .:  : m  tr..c..cnc  ^cms  was  provcirv.cn  by  ' — o 

tccluriauc  of  *orco  oration  utilic  ci .  mu  To  or.  a.  on  stnrsxr.g  from  tne  in— 

to  stir..;  cm  be  excluded  bccav.cc  :  '.out  of  the  bacteria  in  oho  bxoou  was  r.o„ 
x  ounx  ir.  t..o  intestine  or  x..o  or— ones  oxtnxr  oy  ..o— xor  or  ay  u .■ .  - i *moaon 

so. ..a  s  -.ocioc  o_  or.Ovorxo.  «  —  ...o— x— 1 us  sur ^  ....rv.  — o— ..a  oo vi.  x < "l  v.xe 
intestine  r.s  veil  a.s  an  tne  ao.r.oXy.-.pr* ,  xt  was  easily*  gosaxbxo  to  ditloron— 
tiatc  the  gems  originating  from  tho  intestine  from  those  oh  the  homolymph. 
.hr  explanation  eh  the  interrelation  oh  tracheal  and  he.noly.  ;ph  hi  ora  ap¬ 
peal's  to  bo  possible  hro.i  tho  findings  obtained  through  nitc-infected 
boos. 


In  healthy  boos,  henolyrrohatic  germs  ai'o  relatively  infrequent  ac¬ 
cording  to  oui'  observations.  Tho  ro salts  from  nito-inhootod  boos  wore 
therefore  all  tho  more  striking . . 


Tho  boo  nite  (.‘.car apis  wood!)  is  known  to  bo  located  primarily  in 
tho  especially  strongly  dovolopod  trachoae  oh  the  anterior  thorn:*:  which 
terminate  in  the  hirst  pair  of  stigmata.  The  nite  foods  on  tho  blood  of 
the  boo  which  it  invests  after  puncturing  the  treacheai  wall.  *.vith  the 
injury  to  the  tracheae,  blood  penetrates  into  the  latter,  coagulates  and 
forms  together  with  tho  defecation  of  the  nite  frequently  an  extended  crust. 
It  seemed  most  likely  that  this  will  also  result  in  bacteriological  con¬ 
sequences. 


If  wo  compare  our  findings  from  healthy  bees  with  those  of  rulte- 
inf acted  bees,  it  is  shown  that  the  incidence  in  the  tracheae  is  always 
much  greater  for  tho  latter.  The  qualitative  composition  of  the  tracheal 
flora  also  varios  with  Infection  by  mites.  There  then  predominate  proteo- 
lytes  and/or  saprophytes  (in  part  pure  fecal  bacteria)  and  in  p.art  even 
strongly  bee -pathogenic  gv-ms. 


iVen  more  striking  are  results  for  the  henolynph .  The  r.u ;bcr  of  in¬ 
sects  with  bacteria  in  the  henolyraph  is  three  times  greater  with  mite  in¬ 
fection  than  tho  sane  number  for  healthy  bees.  The  composition  of  the 
hemolymphatic  flora  here  varied  in  the  same  sense  as  that  of  the  tracheal 
flora  so  that  the  interrelation  bot’.rcon  the  two  hero  is  espocially  notable, 
x specially  for  the  nito-infected  boes,  the  concept  of  ar.  interrelation  be¬ 


tween  tho  bacteria  of  tho  tracheae  affected  and  the  homo lynch  offers  no 


difficultie 


It  is  also  under  stand  able  that  infection  of  the  tracheae 

vf  - 


with  rites  and  in  particularly  the  far. nation  of  a  crust  leads  to  a  qualita¬ 


tive  and  quantitative  change  of  the  bacterial  flora. 


i: 


xxnerxr.ents  on  .  r : 


uc'X  ».i*cc 


V.'o  now  intended  also  to  experimentally  demonstrate  the  infocticn  of 


tho  tracheae  through  the  environment,  for  this  purpose,  wo  placed 


sects  in  containers  which  had  been  contaminated  with  bacillus  Megatherium 
and  staphylococcus  albus  (micrococcus  pyogenes  vnr.  album).  Ir.  some  casos 
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This  clearly  showed  that  environmental  gems  had  access  to  tho 
tracheae  and  that  tho  possibility  of  a;,  infection  of  tho  henoly.roh  by  way 
of  tho  trachoao  also  exists. 

0  -  discussion  of  Flndin.TS 

It  should  <*ot  bo  surprising  that  fan 3!  do  not  node  an  appearance  in 
our  investigations.  For  example,  in  the  almost  neutral  reaction  of  the 
garden  soil,  the  bacterial  flora  is  known  to  predominate  by  fan*.  Moreover, 
we  utilito  pura  bacterial  nutrient  media  with  an  alkaline  reaction  whereas 
fungi  prefer  an  acid  milieu.  Furthermore,  the  incubation  plate  *..Tas  observed 
for  an  only  relatively  short  poriod  (which  is  sufficient  for  bacteria)  and 
any  possible  individual  molds  could  not  bo  differentiated  from  othor  Im¬ 
purities.  In  a  bacteriological  investigation  of  the  tracheal  system,  the 
obligatory  ar.acrobos  could  evidently  be  excluded  a  priori  which  appreciably 
facilitated  tho  procedure.  V'e  also  completely  disregarded' the  obligatory 
autotrophic  species,  i.o.  germs  which  proliferate  only  on  nutrient  media 
without  any  organically  bonded  nitrogen.  For  the  sane  reason,  we  omitted 
a  demonstration  of  species  of  virus,  rickettesiae,  etc. 

It  is  likely  that  fewer  actinonycctes  wore  demonstrated  than  would 
correspond  to  their  quantitative  occurrence.  In  tho  opinion  of  many  .authors 
(Lieske,  Meyer,  Rippel),  they  form  the  main  component  of  the  microflora  of 
the  soil,  however,  because  of  their  very  slow  gro’.rth,  they  appear  on  tho 
culture  plates  only  after  a  long  interval.  As  already  indicated  above,  we 
generally  did  not  observe  the  same  plate  that  long.  The  isolated  actinomy- 
cet.es  were  initially  green,  were  fin.:  and  brittle  ar.d  firmly  integrated 
with  the  nutrient  medium.  They  showed  a  characteristic  smell  of  soil  and 
strong  hemolysis.  After  some  tiro,  they  had  a  rat,  chalky  and  dusty  ap¬ 
pearance.  They  ware  probably  actinomyces  odorifer  or  a  closely  related 
micro-organism. 

The  present  investigations  may  be  considered  as  having  confirmed  that 
the  tracheae  of  the  insects  practically  always  contain  germs.  The  tracheal 
infection  is  actually  probably  always  100, j  and  tho  negativo  findings  ;ire 

-  1^  - 
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probably  duo  to  tho  careful  disinfection,  -ho  interrelation  •.'it'.-,  the  bio¬ 
tope  is  as  striking  as  it  is  evident,  bir.ee  the  biotope  generally  con¬ 
trails  many  different  "eras,  the  tracheal  flora  is  also  generally  rather 
v^riegatc-d.  This  interrelation  was  very  plain  for  gryliotalpac.  ‘The 
variolation  of  the  gorm  flora  of  tho  soil  is  known.  The  latter  consti¬ 
tutes  an  oxtro.ucly  aon-homogGnuous  medium  in  which  conditions  change  con¬ 
stantly  not  only  v.ith  depth  but  even  a.t  tho  same  level,  .‘ny  Mineral  par¬ 
ti  lo  of  a  different  kind  Croats  now  environ icntai  conditions,  dry  insect 
particlo  can  form  on  alkaline  micros or.o  of  changed  reaction  due  to  tlu  for¬ 
mation  of  ammonia.  Piocos  cf  colluloso  or  lignin o  may  siift  reaction  to¬ 
ward  acid  and  croato  changed  nutritional  conditions.  In  the  some  vcy, 
living  plant  roots  nay  load  to  other  conditions  (Rippel-laldcs).  Moasure- 
nonts  vitii  micro -methods  have  consequently  shown  different  ."-ion  concentra¬ 
tions  for  difforont  soil  components.  I' or  tho  insects  from  beds  of  the  bo¬ 
tanical  garden,  human  intervention  is  noticeable  in  the  form  cf  manure. 
After  tho  addition  of  easily  decomposing  organic  substances,  we  know  that 
ospccially  tho  bacteria  decomposing  protein  and  carbohydrates  increase 
which  can  be  regarded  so-to-speak  as  "day  laborers"  (lippcl-Jaldos) .  Tho 
typical  representative  of  this  group  is  bacillus  rycoides.  drundmcuin  has 
investigated  tho  distribution  of  the  latter  at  high  altitudes  where  manured 
and  non-nanured  soils  often  occur  in  close  vicinity.  In  a  similar  manner, 
bacterium  coli  is  the  predominant  form  in  *.:atcr  cent  a.. hunt  ed  by  focal  mat- 


tor  an-  aces  not  arose ar  un  euro  wator 


ric.i*- c or* wCi’wiid ec vi  soil, 


*  i 


-~o 


seasonally  and  the  climatically  conditioned  variation  of  the  rucroorganism 
content  of  the  soil  may  also  play  a  minor  rolo  in  such  investigations  (for 
exa.,.plo ,  tho  microorganism  content  of  tho  soil  runs  parallel  to  the  product 
of  tomporaturo  and  moisture).  Similar  circumstances  are  found  in  tho  en¬ 
vironment  of  tho  other  insects  investigated. 

It  is  more  difficult  to  understand  the  occurrence  of  bacteria  in  tho 
homolymph ,  although  this  has  boon  frequently  observed  and  is  prebalby  r.ot 
unusual  in  insects.  Zuider  is  of  the  opinion  that  actually  only  the  mouth 
can  be  considered  the  means  of  access  since  tho  surface  is  coated  by  an 
impenetrable  cover  of  chitine.  The  same  is  the  case  with  the  tracheae  so 
that  the  germs  cannot  enter  by  way  of  the  lateral  rospiratory  apertures. 

Tauber  found  staphylococcus  al'ous  as  a  pathogenic  germ  in  the  he.r.o- 
lymph  and  also  occupied  himself  with  the  problem  of  the  path  of  inf ec  ion 
by  microorganisms  in  tlie  blood,  ho  is  of  the  opinion  that  tho  inseev  co,„o. 
into  contact  with  infected  animals  after  shedding  of  the  slain  when  tho  exo¬ 
skeleton  is  vary  soft  and  vulnerable .  At  that  time  the  bacteria  are  able 
to  penetrate  tlie  delicate  skin  actively  or  enter  the  body  through  small 
cracks  in  the  surface. 


Pfeiffer  end  Stamnor  were  not  able  to  urcduce  infection 


bacterium 


hemophosphorcu .  by  feeding  and  also  assumed  that  infection  takes  place 
through  an  injury  of  the  skin,  of  the  intestine  or  by  insect  bites.  How¬ 
ever,  such  injuries  may  occur  probably  over.  ...ore  easily  for  the  delicate 
tracheae  so  that  the  latter  must  also  be  considered  as  a  source  of  infection. 
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ihr.t  insect  bites  and  especially'  n  tracheal  porisitiCM  esc:  loci  to  infoc- 
tiou  is  plainly  shown  'ey  tho  results  of  the  investigations  of  ziitc- 
ir.fuctou  boos. 


bunco  Ca. zero.:,  Lilly',  and  o ties' s  as 
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orjanism  apparently  cczuco  relatively 


11  as  ourselves  often  found  in¬ 
to  eo  cscc: .no  insect 
close  contact  with 


iVciuenvlj  1*:  Vu* 
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czmlain  the 
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of  thoso  in- 


n  ics  environment  w.iic..  _ 
soots  c>2  a  in  o  t  nosy  bacteria.  It  appears  entirely  possible  that  a  syncio- 
sis  nay  develop  out  of  such  a  resist  nee  to  co.e.onsal  jor.es,  dizsilar  cir¬ 
cumstances  .say  intervene  horc  which  load  to  tho  formation  of  symbiontic 
j cm 5  in  the  intestinal  flora  through  tho  natural  population  of  tho  in¬ 
testine  by  tno  jem  or  t.zo  rood  zsz: jester •  with  uurtnor  progress  ox  tno 
mutual  adaptation  between  micro-and  macro-orjanisms,  the  latter  apparently 
rushes  available  .ycotonute  (cf.  etunzaer  for  details),  further  iiivostiga- 
tions  in  tiiis  dziroction  would  auto or  to  bo  desirable. 
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The  bacterial  content  of  tracheae  os: 

•ken  into  account  for  b-cteriolojicoi  work  with  insects,  cspcciouay  wso 
iodinj  of  sy.sbior.ts .  In  bacteriological  work  with  insects,  core  nust  be 
^zeroised  not  to  danaje  or  injure  not  only  tl:o  intestine  and  intestinal 
procossos  but  also  the  tracheae.  If  jcrr.s  arc  to  be  incubated  fro.-,  orjons, 
tho  j cm  content  of  tho  blood  nust  bo  taken  into  account.  It  is  rocoz-.z- 
mended  in  ary  event  is:  such  cases  to  rise  incubate  specimens  of  hemolynph 
and  to  wash  tho  orjar.s  thoroughly  in  sterile  wator  and  possibly'  even  to 
disinfect  then,  i'ho  probability  of  incubntinj  ozztranoouc  per;  is  for  the  in¬ 
sects  is  very  hijix.  done  allegedly'  incubated  syz.bionts  probably  represent 
merely  czctr.ncous  perms  transplanted  to  tho  culture  even  when  employing  vory 
caroful  techniques.  Vary  strict  requirements  are  hero  necessary  in  view 
of  authors  like  ichandorl  who  have  recently  oroa  so-called  "symbionts"  from 
a  jreat  vai’iety  of  animal  and  plant  tissues,  duel',  requirements  should 
cover  both  experimental  techniques  as  well  as  interpretation.  Gems  grow¬ 
ing  on  general  nutrient  media  should  bo  regarded  especially  skeptically. 
According  to  otasuzer,  tho  following  requirements  must  be  satisfied  for  con¬ 
firmation  of  a  now  symbiosis. 

ba.r.ozistration  of  tho  uniformity  of  tho  oocurrcncc  of  the  symbionts  at 
different  dovclopr.ontol  stajos  of  the  host,  iciowlcdje  of  the  morphology 
and  tho  chanjc  of  form  of  the  symbionts  on  tho  basis  of  zaicrobiolojicol 
staininj  methods  and  demonstration  of  the  type  of  transfer  of  tho  symbionts 
to  tho  prejony.  As  a  sinjlo  criterion,  the  bacterial  culture  is  a  znuch  too 
co... plicated  problem.  As  already  stated,  it  i-.ay  bo  difficult  undor  certain 
circu-.stonces  to  ozzcludc  ozztronoous  jer.-.s  az:d,  on  the  other  hand,  many 
symbionts  car.  not  bo  bred  with  tho  customary'  bacteriological  nothods.  for 
demonstration  of  tho  identity  of  tho  incubated  bacteria  with  tho  syafoiont , 
sorolojicol  methods  can  be  employed  which  has  boon  pointed  out  by  Gubler 
and  heller. 
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